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Abstract - The main objective of this article is to provide a comprehensive view of academic studies 
that address simultaneously the circular economy and industrial symbiosis, based on bibliometric 
data for the years 1900 to 2018. Data are collected in Web of Science using the VOSviewer software. 
Bibliometric indicators, network citation, cluster analysis, and density view analysis are used. From 
our findings we highlight four clusters in the research, which help to contextualize the literature 
review: (a) circular economy: approaches and tools; (b) industrial symbiosis Dynamics; (c) circular 
economy: strategies and performance; (d) the efficiency of resources in symbiosis industry. This 
study also establishes perspectives for future lines of research and, correspondingly, seeks to 
provide a theoretical basis that can serve as a starting point for future studies. 
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1. Introduction 
 
In recent years, the concept of the Circular Economy 
(CE) has gained the attention of institutions, scholars 
and companies (Griffiths & Cayzer, 2016; Merli, 
Preziosi, & Acampora, 2018). The era of low-cost 
resources is over, natural resources are increasingly 
limited, which has led to the growing demand for 
new business attitudes that can help organizations 
and society move towards sustainable development 
(Hill, 2014; McDowall et al., 2017). 
The growing demand requires a shift from a 
linear design to a circular design, which can be 
represented by the notion of CE. At present, the CE 
has been adopted as a basic principle in the 
emergence of new policies from many countries that 
have approached their implementation in different 
ways. The CE concept consists of an economic 
system that replaces the idea of "end of life" with the 
practice of reducing or reusing, recycling and 
recovering materials used in production, distribution 
and consumption processes. Thus, the concept of CE 
is based on three principles: 1) preserving and 
improving natural capital, controlling finite stocks 
and balancing flows of renewable resources; 2) to 
optimize the yield of resources, circulating products, 
components and materials of the highest utility in 
technical and biological cycles; 3) to promote the 
effectiveness of the system by revealing and 
projecting negative externalities (Abreu & Ceglia, 
2018; George, Lin, & Chen, 2015; Griffiths & Cayzer, 
2016; Kirchherr, Reike, & Hekkert, 2017). 
The CE is often contextualized as a way of 
extending the values of resources, especially through 
recycling and industrial symbiosis (IS). The term of 
IS is understood as an industry that traditionally 
works in isolation yet collaborates in a network to 
have a competitive advantage that involves the 
physical exchange of materials, energy, water and 
by-products. The key to IS success is the 
collaboration and synergistic creation possibilities 
resulting from geographic proximity. IS relates to the 
flows and transformations of materials and energy 
that are generated by economic actors within a 
geographically connected system. Several countries, 
companies, NGOs (non-governmental organizations) 
and government agencies have sought to make these 
flows and transformations more sustainable (Boons, 
Spekkink, & Mouzakitis, 2011; Chertow, 2007).  
As gap's found in the literature it was verified 
that it is important to evaluate the diffusion of IS 
concepts and social routines, as well as changes in 
institutional capacity in the regional industrial 
systems (Boons et al., 2011). The transition from a 
linear economy to a circular economy should occur 
through a shift in regional policies to create a 
partnership between the business community, 
policymakers and institutions, which has not been 
established (Saavedra, Iritani, Pavan, & Ometto, 
2018).  
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There is a need to investigate how to encourage 
business participation in more IS partnerships 
(Patricio, Axelsson, Biome, & Rosado, 2018).  
No systematic reviews of literature and 
bibliometrics were found in the Web of Science 
database to study the impact of EC and IS on 
industrial sustainability. Thus, the objective of this 
study is to provide a comprehensive view of 
academic studies that simultaneously address CE 
and IS and industrial sustainability. The theme under 
study remains relatively recent, and for the first time 
the combination of the terms of the circular 
economy, industrial symbiosis and sustainability 
appeared for the first time in the year 2008. The 
present study contributes to analysing the 
theoretical contribution of the importance of CE and 
IS in industrial sustainability. To perform this 
bibliometric review, we resorted to the Web of 
Science database and applied some filters to exclude 
publications that are not relevant to our study. 
In this context, we will verify the trends in this 
field, as well as the identification of the most 
prominent sub-themes. We will seek to open new 
horizons for future publications, as well as reveal the 
most relevant authors and journals on this topic. 
Identifying the authors who produced most of the 
articles clearly responds to the important need to 
understand how, when, and where interest in this 
topic arose. This approach also points to the studies 
that served as the basis for the construction of 
research on the subject under study. 
This review addresses the concepts of "circular 
economy", "industrial symbiosis" and 
"sustainability", in addition to any others found in 
the context of this review. 
The structure of this article is as follows: 
following this introduction, we move onto setting out 
the literature review. Thirdly, we detail the 
methodology applied before analyzing and 
discussing the results returned. Finally, we provide 
our conclusions while identifying limitations to this 
study alongside future lines of research. 
 
2. State-Of-The-Art 
 
The scientific literature has already studied CE under 
various perspectives. The main research flows that 
deal with this topic are: industrial ecology, 
environmental, political and social science, and 
literature on product design practices (Urbinati, 
Chiaroni, & Chiesa, 2017). 
Interest in studies on the EC has been particularly 
strong since countries such as China, the United 
Kingdom, and the European Union have begun to 
legislate on the subject. The publications aimed at 
highlighting the definition of CE, their fields of 
action, the role of IS and related environmental 
certifications (Boons et al., 2011; Prieto-Sandoval, 
Jaca, & Ormazabal, 2018; Prieto‐Sandoval, 
Ormazabal, Jaca, & Viles, 2018).  
For the present study, CE is considered as an 
economic system that represents a paradigm shift in 
the way human society is interrelated with nature in 
order to prevent resource depletion, close energy 
and material ties, and facilitate sustainable 
development through its implementation at the 
micro (business and consumer) levels, meso 
(economic agents integrated in symbiosis) and 
macro (cities, regions and governments) 
(Prieto‐Sandoval et al., 2018). The aim of the CE is to 
replace existing open production systems based on a 
linear consumption model, where raw materials are 
extracted, processed into finished products and 
become waste after being consumed (Geng, Zhu, 
Doberstein, & Fujita, 2009; McDonough & Braungart, 
2010; Xue et al., 2010). 
This new industrial paradigm has encouraged 
people to behave more sustainably and has 
awakened for policymakers the need to develop CE-
oriented environmental and management policies. 
Thus, new regulations have emerged that 
incorporate the principles of sustainability (Besio & 
Pronzini, 2014; Murray, Skene, & Haynes, 2017; 
Schneider, 2015). It is in this context that the IS 
emerges. 
The IS involves flows, as well as the cycle of 
materials and energy, synergistic interactions 
between companies, through which waste is 
converted into inputs. By replacing inputs with 
waste, companies can increase their production 
efficiency, which allows them to reduce the costs of 
waste disposal and the costs of acquiring inputs. The 
material provision, resource reuse and financial 
advantage were associated with the perception of 
the companies about the CE. These opportunities 
arise through the integration of companies and 
industry associations or clusters to develop IS and 
close their material cycles (Ayres & Ayres, 2002; 
Fraccascia & Yazan, 2018; Ormazabal, Prieto-
Sandoval, Puga-Leal, & Jaca, 2018). 
In this context, the objective of this bibliometric 
review is to provide a comprehensive view of 
academic studies that simultaneously address CE 
and IS and their sustainability, to identify gaps in the 
literature and provide possible directions for future 
research lines in the subject. Thus, the study 
addresses the following research question: How 
does the academic world address the study of CE and 
IS? From this general question, more specific 
questions arise: Who are the protagonists, 
considering the source of the publications as well as 
the authors? Which methodologies and types of 
research are most used? What is the geographic 
focus of literature? What are the streams of future 
research lines? 
The bibliometric review presented in the next 
sections of this study aims to answer the questions 
indicated above. This way we will analyze a 
significant part of the academic work in the subject 
under study. In relation to previous reviews 
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produced by other scholars, it contains several 
novelties that provide added value to better 
understand the subject under study. Firstly, it 
explores sustainability, CE and IS with a systematic 
approach to provide an exhaustive and 
comprehensive analysis of the phenomenon with 
rigorous and reproducible research criteria. 
Secondly, it does not reduce the scope of the study to 
a specific focus, but it attempts to capture and relate 
all topics and research approaches related to articles 
that address sustainability, CE and IS simultaneous. 
The structural dimensions and associated analytical 
categories were elaborated to capture the largest 
number of sustainability, CE and IS issues. Finally, in 
relation to other studies, the main objective is to 
better understand how academics approach 
sustainability, CE and IS, highlighting trends and 
gaps, which will serve as the basis for future 
research on the subject. 
 
3. Methodology 
 
Bibliometrics is the application of quantitative tools 
to the study of scientific communications and has 
been applied in various forms for more than a 
century. The bibliometric analysis allows making an 
evaluation of the scientific quality and influence of 
the different publications and sources (Bouyssou & 
Marchant, 2011; Cooper & Valentine, 2008; 
Leydesdorff, 2005; Pritchard, 1969).  
With the bibliometric analysis, it is possible to 
filter useful information for the academics and 
professionals who study and want to deepen their 
knowledge within a particular field of research 
(Duque Oliva, Cervera Taulet, & Rodríguez Romero, 
2006).  
In order to prepare a bibliometric analysis, it is 
necessary to follow six steps: 1) define the field 
under study, 2) choose the database, 3) adjust the 
search criteria, 4) compile the categories of 
bibliographic information, 5) code the recovered 
material and, finally, 6) analyze the information 
(Albort-Morant & Ribeiro-Soriano, 2016). 
Among the various bibliographic databases, we 
use the Web of Science (WOS), more specifically the 
Web of Science Core Collection, published by 
Thomson Reuters. The present bibliometric study is 
an analysis of the current state of the art of the most 
relevant research works in the field under analysis. 
The data found in the WOS are considered the 
central source of information for an extensive 
bibliometric exploration within the social sciences. 
The data covered in the WOS has a high level of 
acceptance in the academic community and is 
therefore essential for our analysis. The WOS is still 
the only bibliographic database that normalizes the 
cited references for each article record throughout 
the collection, allows us to make bibliographic 
couplings. With other databases, as a rule, it is not 
possible to make bibliographic (Franceschini, Faria, 
& Jurowetzki, 2016; Liu, Yin, Liu, & Dunford, 2015).  
The key words "industrial symbiosis", "circular 
economy" and sustainability ("Sustainab *") were 
used to match the most relevant publications in the 
field under study. The search was performed on 
1/18/2019. It was selected as a timeline from 1900 
to 2018. The review was limited to articles, omitted 
books, book chapters, and other unvalidated 
publications since articles can be considered 
validated knowledge having a greater impact on the 
ground (Keupp, Palmié, & Gassmann, 2012). After 
this selection has been filtered for review 59 articles. 
 
4. Analysis and Discussion of the Results 
 
The scope of this analysis covers all articles in the 
field of study, languages and countries available 
because the purpose of this research is to provide a 
comprehensive view of academic studies that 
simultaneously address CE and IS and their 
sustainability. 
 
4.1. Number of publications per year 
 
The origin of the concept of EC is not consensual 
and there is no clear evidence of a single origin or 
originator of the concept of EC. However, a careful 
analysis shows that it was in the second half of the 
1960s that the concept emerged. Some scholars 
consider that the British economist Kenneth 
Boulding is the father of the idea with the 
publication "The Economics of Coming Spaceship 
Earth" published in 1966. The author addresses the 
"closed economy of the future" or "spaceman 
economy" comparing a spacecraft with the planet 
Earth. Thus, he states that the planet Earth is finite 
and has no unlimited reservoirs of material 
resources. It concludes that there are limits to the 
extraction of material resources, as well as to the 
absorption of pollution. In this context, man must 
find his place in a cyclical ecological system. This 
cyclical ecological system has to be able to 
continually renew its material resources, although it 
cannot do without receiving external energy inputs 
(Boulding, 1966).  
Despite the above mentioned, other authors are 
referred to as contributing in the first phase to the 
development of the EC concept such as the American 
professor John Lyle, his student William McDonough, 
the German chemist Michael Braungart, and 
architect and economist Walter Stahel (Abreu & 
Ceglia, 2018). 
The principles of the EC concept include 3Rs 
(reduce, reuse, recycle) and 6Rs (reuse, recycle, 
redesign, remanufacturing, reduce, recover). The EC 
began operating in the 1980s and 1990s, with the 
Netherlands and Germany pioneering the 
implementation of waste prevention and recovery 
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policies (Jawahir & Bradley, 2016; Wu, Shi, Xia, & 
Zhu, 2014). 
The concept of CE is intertwined with several 
other concepts that have emerged previously, such 
as industrial symbiosis. Sometimes the terms 
industrial symbiosis, eco-industrial network, and 
eco-industrial park are used in the literature 
synonymously. It is important, however, to 
distinguish between these terms because the scale 
and scope of the actors' objectives and practice are 
different, as well as the possible synergies that may 
exist for each initiative. 
A critical point is that the spatial relationship, 
that is, the distance between the industries, 
influences the flows of energy and materials 
between the different entities (Chertow & Ehrenfeld, 
2012; Chertow, 2007; Peck, Kandachar, & 
Tempelman, 2015; Van Beers, Bossilkov, Corder, & 
Van Berkel, 2007; Winans, Kendall, & Deng, 2017). 
The eco-industrial park includes the exchange of 
water, energy, information and/or materials to 
minimize the use of energy and raw materials, 
reduce waste and thus build sustainable economic, 
ecological and social relations.  
Eco-industrial networks or industrial symbiosis 
networks have also evolved with the same idea as 
eco-industrial park parks, but cover a wider 
geographical area within a region, province, or 
country (Boix, Montastruc, Azzaro-Pantel, & 
Domenech, 2015; Winans et al., 2017). 
This being the context of our study, we were able 
to verify the evolution of the publication of the 
panoply of previously selected articles (59 articles) 
(figure 1). 
 
 
Figure 1 - Publications by year 
 
As can be seen in Figure 1, the simultaneous 
studies of EC and IS and their sustainability started 
in 2008 with the article "Case study of industrial 
symbiosis: Nanning Sugar Co., Ltd. in China" by the 
authors Yang and Feng (2008). Analyzing figure 1 we 
can distinguish 2 distinct periods/phases in the 
evolution of the publications of the articles. The first 
period covers the years between 2008 and 2015 and 
a second period from 2016 to 2018. 
The first period includes 14 articles, 
corresponding to 23.73% of the articles under 
analysis. Most of the studies are conceptual or case 
studies where models are proposed to implement 
and develop CE and IS. The factors, processes, 
dynamics and policies resulting from the CE and IS 
are also verified, always aiming at the sustainability 
of the regions and their companies (Boons et al., 
2011; Geng & Doberstein, 2008; Geng, Fu, Sarkis, & 
Xue, 2012; Gregson, Crang, Fuller, & Holmes, 2015).  
 
The interest of scholars accentuated in the 
second period. This period includes 45 articles which 
correspond to 76.27% of the articles under analysis. 
In 2016 it is verified that 10 articles were published, 
however in 2018 almost twice the published articles 
(18). The perspective is that the number of articles 
published per year, in the subject under analysis, will 
grow. In this period, the articles are in general case 
studies.  
The articles cover, in general, the transition from 
a linear economy to a circular economy, product 
design and business model strategies for companies, 
problems in their implementation, and forms of 
cooperation to create synergies between companies 
(Alvarez & Ruiz-Puente, 2017; Bocken, de Pauw, 
Bakker, & van der Grinten, 2016; Herczeg, 
Akkerman, & Hauschild, 2018; Kuznetsova, Zio, & 
Farel, 2016; Sposato, Preka, Cappellaro, & Cutaia, 
2017; Urbinati et al., 2017). 
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4.2. Authors and Countries with the greatest 
productivity 
Many authors from a wide variety of 
backgrounds have conducted research on the subject 
under study and published their findings in scientific 
journals indexed in the Web of Science of Thomson 
Reuters. In this section, we show the 20 most 
striking authors in the field of study (table 1).  
To filter the 20 most striking authors was defined 
as a minimum of 50 citations. However, in the 59 
articles, there are 183 authors. 
 
 
Tabel 1 - Most important authors in the literature 
Rank Author Documents Citations Rank Author Documents Citations 
1 Geng, Y 8 354 11 Bakker, C 1 94 
2 Fu, J 1 150 12 Bocken, NMP 1 94 
3 Sarkis, J 1 150 13 De Pauw, I 1 94 
4 Xue, B 1 150 14 Van Der 
Grinten, B 
1 94 
5 Doberstein, B 1 134 15 Crang, M 1 62 
6 Mathews, Ja 2 126 16 Fuller, S 1 62 
7 Tan, H 2 126 17 Gregson, N 1 62 
8 Boons, F 2 115 18 Holmes, H 1 62 
9 Mouzakitis, Y 1 102 19 Feng, N 1 54 
10 Spekkink, W 1 102 20 Yang, S 1 54 
 
As can be seen in table 1 the most prolific author 
on the subject is Geng, Y with 354 citations in 8 
published articles. The author Geng, Y has 257 
articles published in WOS having developed his 
research in several fields as for example in 
environmental sciences, engineering environmental, 
green sustainable science technology, energy fuels, 
and environmental studies. 
For countries that contribute most to the 
scientific productivity in the subject in question, 
what stands out most is China with 15 articles and 
492 citations. The articles that stand out with the 
most quotations are: 150 citations - authors' 
"Towards a national circular economy indicator 
system in China: an evaluation and critical analysis" 
Geng et al. (2012); 134 citations - "Developing the 
circular economy in China: Challenges and 
opportunities for achieving 'leapfrog development'" 
by authors Geng and Doberstein (2008); 54 citations 
- "Case study of industrial symbiosis: Nanning Sugar 
Co., Ltd. in China" by the authors Yang and Feng 
(2008). 
Second is the Netherlands with 10 articles 
published and 341 citations. Of the 10 articles, the 
following stand out: 102 citations - the authors of the 
paper "The dynamics of industrial symbiosis: a 
proposal for a conceptual framework based on a 
comprehensive literature review" Boons et al. 
(2011); 94 citations - authors' "model design and 
business strategies for a circular economy" Bocken 
et al. (2016); 47 citations - "Process analysis of eco-
industrial park development - the case of Tianjin, 
China" Yu, de Jong, and Dijkema (2014).  
In third place, England also appears with 10 
articles, but with 244 citations (less 97 citations than 
the Netherlands). Of the 10 articles the following 
stand out: 94 citations - "Product design and 
business modelling strategies for a circular 
economy" by the authors Bocken et al. (2016) (this is 
second with more relevance also in the 
Netherlands); 62 Citations - "Interrogating the 
Circular Economy: The Moral Economy of Resource 
Recovery in the EU" by the authors Gregson et al. 
(2015); 48 citations - authors' "circular economy 
design considerations for research and process 
development in the chemical sciences" Clark, 
Farmer, Herrero-Davila, and Sherwood (2016). 
 
 
4.3. Most productive journals 
 
In the 59 articles under analysis, 23 journals 
were identified. Table 2 shows the most productive 
journals in the field under study. 
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Tabel 2 - Journals with a greater number of studies 
Rank Journal Number of 
publication
s 
Citations Rank Journal Number of 
publication
s 
Citations 
1 Journal of Cleaner 
Production 
19 463 13 Asian Business & 
Management 
1 14 
2 Resources 
Conservation and 
Recycling 
7 108 14 Energy Policy 1 14 
3 Journal of Industrial 
Ecology 
6 189 15 Ecological 
Economics 
1 6 
4 Sustainability 5 16 16 Environmental 
Innovation and 
Societal Transitions 
1 6 
5 Waste and Biomass 
Valorization 
2 12 17 Journal of 
Environmental 
Management 
1 5 
6 Sustainability Science 2 10 18 Environmental 
Engineering and 
Management 
Journal 
1 2 
7 Scientific Papers-
Series Management 
Economic 
Engineering in 
Agriculture and Rural 
Development 
2 0 19 Production Planning 
& Control 
1 1 
8 International Journal 
of Sustainable 
Development and 
World Ecology 
1 134 20 Revista Virtual de 
Quimica 
1 1 
9 Journal of Industrial 
and Production 
Engineering 
1 94 21 Archives of Foundry 
Engineering 
1 0 
10 Economy and Society 1 62 22 Business Strategy 
and the 
Environment 
1 0 
11 Green Chemistry 1 48 23 Open House 
International 
1 0 
12 Sustainable 
Production and 
Consumption 
1 15  - - - 
 
As can be seen in table 2, four journals stand out. 
The Journal of Cleaner Production published 32.20% 
of the articles under review, 19 publications that 
have 463 citations together. Second is "Resources 
Conservation and Recycling" with 7 publications and 
108 citations.  
This journal represents 11.86% of the articles 
under analysis. The third is the "Journal of Industrial 
Ecology" with 6 publications and 189 citations. The 
fourth magazine that publishes the most is the 
magazine "Sustainability" with 5 publications and 16 
citations. This magazine represents 10.17% of the 
articles under analysis.  
The remaining journals, in the articles under 
analysis, represent less than 10% each. 
The research areas of research publications on 
the subject are environmental sciences (46 articles), 
green sustainable science technology (35 articles), 
engineering environmental (32 articles), and 
environmental studies (10 articles). It should be 
noted that each article, as a rule, has more than one 
area of research identified. 
 
4.4. Cluster analysis and future lines of 
research 
 
The VosViewer software detailed the network of 
references of the 59 articles and identified the 
clusters of more relevant studies on the subject. Each 
color identifies a cluster (figure 2). 
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Figure 2 - Network of references and clusters 
 
As can be seen in Figure 2, 4 clusters were formed. 
These 4 clusters are composed of 42 articles. 
VosViewer excluded 17 articles because they did not 
form any cluster (table 3). The cluster 1 (17 articles) 
was called "circular economy: approaches and tools", 
cluster 2 (11 articles) of "industrial symbiosis 
dynamics", cluster 3 (8 articles) and cluster 4 (6 
articles) of "the efficiency of resources in symbiosis 
industry". 
Table 3 - Articles in clusters 
Cluster 1 - 
Circular 
Economy: 
Approaches and 
Tools 
Cluster 2 – 
Industrial 
Symbiosis 
Dynamics 
Cluster 3  - 
Circular 
Economy: 
Strategies and 
Performance 
Cluster 4 - The 
Efficiency of 
Resources in 
Symbiosis 
Industry 
Excluded Articles 
Aguiñaga, 
Henriques, Scheel, 
and Scheel (2018) 
Afshari, Farel, and 
Peng (2018) 
Bocken et al. 
(2016) 
Guo, Geng, Sterr, 
Dong, and Liu 
(2016) 
Hara, Yabar, Uwasu, 
and Zhang (2011) 
Álvarez and Ruiz-
Puente (2017) 
Aid, Eklund, 
Anderberg, and 
Baas (2017) 
Angelis, Howard, 
and Miemczyk 
(2018) 
Guo, Geng, Sterr, 
Zhu, and Liu (2017) 
Strazza, Magrassi, 
Gallo, and Del Borghi 
(2015) 
Clark et al. (2016) Bellantuono, 
Carbonara, and 
Pontrandolfo 
(2017) 
Franklin-Johnson, 
Figge, and 
Canning (2016) 
Li, Dong, and Ren 
(2015) 
Wang, Xu, and Zhu 
(2015) 
Jesus and 
Mendonça (2018) 
Boons et al. (2011) Crang, Fuller, and 
Holmes (2015) 
Liu et al. (2017) Manara and 
Zabaniotou (2016) 
Geng and 
Doberstein (2008) 
Fraccascia and 
Yazan (2018) 
Mathews, Tang, 
and Tan (2011) 
Mattila, Lehtoranta, 
Sokka, Melanen, 
and Nissinen 
(2012) 
Kuznetsova et al. 
(2016) 
Geng, Mitchell, and 
Zhu (2009) 
Liu, Adams, Cote, 
Geng, and Li 
(2018) 
Milios (2018) Urbinati et al. 
(2017) 
Renzulli, Notarnicola, 
Tassielli, Arcese, and 
Di Capua (2016) 
Geng et al. (2012) Prosman, 
Wæhrens, and 
Liotta (2017) 
Ness and Xing 
(2017) 
- Du (2016) 
Herczeg et al. 
(2018) 
Sun et al. (2017) Prendeville, 
Cherim, and 
Bocken (2018) 
- Frone and Frone 
(2017a) 
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Jiao and Boons 
(2017) 
Wang, Deutz, and 
Chen (2017) 
- - Frone and Frone 
(2017b) 
Loiseau et al. 
(2016) 
Yang and Feng 
(2008) 
- - Ferreira, Silva, and 
Ferreira (2017) 
Mathews and Tan 
(2011) 
Yu et al. (2014)  - Ceglia, Abreu, and 
Silva Filho (2017) 
Mulrow, Derrible, 
Ashton, and 
Chopra (2017) 
- - - Sposato et al. (2017) 
Ormazabal et al. 
(2018) 
- - - Sappinen, Orkas, and 
Kronqvist (2018) 
Pan et al. (2016) - - - Nasiri, Rantala, 
Saunila, Ukko, and 
Rantanen (2018) 
Patricio, Axelsson, 
Blomé, and Rosado 
(2018) 
- - - Velenturf, Purnell, 
Tregent, Ferguson, 
and Holmes (2018) 
Pigosso, 
Schmiegelow, and 
Andersen (2018) 
- - - Mohammed, Biswas, 
Yao, and Tade (2018) 
Prieto-Sandoval, 
Ormazabal, Jaca, 
and Viles (2018) 
- - - Blomsma (2018) 
17 Articles 11 Articles 8 Articles 6 Articles 17 Articles 
 
The cluster 1 "circular economy: approaches and 
tools" has several articles that clarify theories, 
concepts, approaches and tools associated to the 
circular economy or green economy (Clark et al., 
2016; Loiseau et al., 2016).  
Overall, the green economy shows that different 
concepts and approaches are available and can be 
used to support the transition to sustainability. 
However, doubts were expressed about the ability of 
a green economy to support the transition to 
sustainability. This doubt is explained by the two 
different visions of sustainability that can be found 
in the two economic theories related to the green 
economy, that is, weak sustainability and strong 
sustainability (Loiseau et al., 2016). 
In this context, most of the companies continue to 
operate under a linear model (Alvarez & Ruiz-
Puente, 2017; Geng & Doberstein, 2008). Companies 
must equip themselves with tools that facilitate their 
shift to the circular paradigm. The implementation of 
this new paradigm is seen as a way in which regions 
can overcome past environmental damage. These 
regions are usually characterized by having an 
industrialized economy.  
Prieto-Sandoval et al. (2018), used the Delphi 
method to validate and define the key elements that 
facilitate the change of companies to the circular 
paradigm. They define three categories: fields of 
action of the circular economy, IS and environmental 
certifications. In this way, small and medium 
enterprises will be able to understand where they 
are and what they need to do to improve their 
performance. 
The cluster 2 "industrial symbiosis dynamics" 
addresses the various dynamics that the IS has to 
have in order to change the paradigm of the 
companies to circulate to the detriment of the linear 
one. This cluster includes articles that help to 
understand the dynamics through which regional 
industrial systems alter their connectivity to reduce 
their ecological impact (Boons et al., 2011; Sun et al., 
2017). 
In this context, ecological impacts become 
prominent in national CE practices. The interlinked 
industrial and regional economic development and 
related environmental and ecological challenges 
have come to prominence in the (Afshari et al., 2018; 
Aid et al., 2017).  
In order to achieve the expected results with the 
development of IS, it is important for regions to set 
up networks for this purpose, such as an eco-
industrial park. It is essential that regional networks 
develop knowledge to encourage local businesses to 
engage in IS (Ceglia et al., 2017; Wang et al., 2017). 
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The cluster 3 "circular economy: strategies and 
performance" generally address business strategies 
and performance in the transition from a linear 
economy to a CE (Bocken et al., 2016; Franklin-
Johnson et al., 2016).  
To transform the economy from linear to circular, 
the business model and design strategies will need to 
go hand in hand. Potentially, multiple business 
model strategies, approaches, methods and tools are 
needed to support change to an CE, such as a 
synergistic combination of business model strategies 
(sufficiency and classical long life) and product 
design strategies ( for example, product design for 
durability and design for upgradability)(Bocken et 
al., 2016). 
Policymakers have made efforts to understand 
the conceptual aspects of the CE and each has a 
unique point of view on its meaning, from a strategic 
ambition (actually a contemporary view of 
sustainability) to a niche concept included in the 
phenomenon of the intelligent city. It is still seen as a 
means to an end (a tool), but this end is not clear 
(Prendeville et al., 2018).  
Regarding performance, there are techniques 
that evaluate the use of resources based on the 
value-related burden. However, the central point of 
the CE is to create value through the retention of 
materials. Thus, it is important to measure 
performance through the longevity indicator, which 
measures the contribution to material retention 
based on the amount of time a resource is kept in 
use. The measure is made up of three generic 
components: initial lifetime, lifetime reclaimed gain 
and lifetime recycled gain. The management of these 
three components can be used for decision making 
and performance evaluation in the CE (Franklin-
Johnson et al., 2016).  
Articles that incorporate Cluster 4 "The Efficiency 
of Resources in Symbiosis Industry", in general, 
explore resource efficiency in the regions. The CE is 
the main national strategy to be developed by 
countries to achieve long-term sustainable 
development. IS is a practical approach to promote 
the CE to achieve environmental and economic 
benefits simultaneously (Guo et al., 2016; Guo et al., 
2017; Li et al., 2015). 
Regional governments have given increasing 
importance to the sustainability of the regions. 
Behaviors and lifestyles play a vital role in achieving 
sustainable development. In this context, IS has 
become a frequent discussion, with policymakers 
paying special attention to the issue to achieve 
efficient and effective implementation. The reasons 
are due to the rapid advance and growth 
urbanizations, the serious shortage of resources and 
the environmental contaminations that are 
becoming accentuated more and more in the regions. 
With the depletion of natural resources and the 
degradation of the environment, the concept of 
sustainability and economic transition solutions 
become increasingly important. The chemical 
industry is a key industry to promote IS because it 
has several materials and differentiating energy 
flows (Guo et al., 2016; Guo et al., 2017; Li et al., 
2015).  
The results of IS implementation have been 
positively highlighting a drastic reduction of 
resources, reduction of solid waste and mitigation of 
carbon dioxide emissions, as well as generating 
revenue for companies and local business 
opportunities. IS can bring significant environmental 
and economic benefits to practitioners through the 
exchange of by-products and knowledge sharing 
(Guo et al., 2016; Guo et al., 2017; Li et al., 2015). 
At the socio-economic level, it is important to 
Introduce in the public knowledge the best practices 
related to the CE; Establish EC sites or information 
platform for public participation; Provide 
preferential policies to producers of green products; 
Optimize the industrial structure; Promote the 
development of the service industry; Promote the 
construction of infrastructure for urban water 
supply and drainage, heating, gas and treatment of 
garbage removal and other municipal utilities; 
Accelerate the construction of a series of sewage 
treatment; Control of air pollution and other 
environmental projects; Reform of the resource 
pricing mechanism (Guo et al., 2017; Li et al., 2015). 
At the environmental level, it is important to 
Implement unified collection and treatment for 
waste in mining and industrial cluster; Development 
of clean energy strategies, improving the efficiency 
of industrial resources; Tax incentives should be 
created; Regulate hazardous waste management by 
accelerating the construction of urban waste 
disposal facilities; Promote cleaner production, 
energy-saving technology and product development 
in key industries; Promote the reduction, reuse and 
recycling of bulky waste; Establish compensation 
mechanisms for resource exploitation (Li et al., 
2015; Liu et al., 2017). 
With the implementation of CE and IS the 
environmental and economic benefits are evident. 
There is clear evidence that the environmental level 
includes both the reduction of the consumption of 
resources of the units of inputs and the reduction of 
the emissions of residues of the production units. In 
relation to the economic benefits, there is a clear 
saving of cost of raw material purchase, saving of 
residues and revenue from sales of waste (Guo et al., 
2016). 
In order to further deepen our research, we will 
then check which subtopics are the most studied in 
the subject under study and those that still need to 
be investigated in the future. For this we will use the 
analysis "density view" of VosViewer. This analysis is 
particularly useful for getting an overview of the 
overall structure of a map and drawing attention to 
the most important areas on a map (Eck & Waltman, 
2009). To understand the results of the VosViewer 
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analysis, we need to understand the meaning of the 
colors (figure 3). There are three colors exhibiting 
different levels of density. The green color indicates 
that the sub-theme is still under-exploited, therefore 
it exhibits a minimum level of density. The yellow 
color identifies an intermediate level for the 
identified sub-theme and, therefore, the average 
density. Finally, the red color highlights as this is a 
subtopic in which the researchers focused more, i.e. 
it is the maximum density level (Lopes, Ferreira, & 
Farinha, 2018).  
 
 
Figure 3 - Density analysis 
 
As can be seen from Figure 3, no subtopics with the 
maximum density are contacted. Thus, we can say 
that, in general, the subject under study is still not 
much explored and more studies are needed. 
It is verified that with the with a medium density 
the key terms of research used in this investigation 
(industrial symbiosis and circular economy) appear. 
However, we can verify that there is already some 
research in models developed for the subject 
(Bocken et al., 2016; Urbinati et al., 2017). The 
challenges, opportunities development, and analysis 
in the theme are also subtopics that arise with an 
average density (Clark et al., 2016; Geng & 
Doberstein, 2008; Geng et al., 2012; Urbinati et al., 
2017). The resources necessary for the production of 
(Gregson et al., 2015; Yang & Feng, 2008), and IS 
business and strategy (Aid et al., 2017; Álvarez & 
Ruiz-Puente, 2017). 
However, there are many sub-themes with a 
minimum density. These sub-themes should serve as 
a basis for further research: What is the role of the 
industrial eco-park in IS? What policies should be 
followed to successfully implement the CE? What are 
the barriers to implementing a CE? How can the 
impact of EC implementation in regions be 
measured? How to measure the performance of an 
IS? How to make CE sustainable? How to evaluate 
the life cycle of IS products? What impact does the 
CE have on society? How can technology contribute 
to the development of IS? What role do stakeholders 
play in IS implementation? 
 
5. Final Remarks 
 
The present research aimed to provide a 
comprehensive view of academic studies that 
simultaneously address CE and IS and their 
sustainability. It was intended to identify gaps in the 
literature and provide possible directions for future 
lines of research in the subject. In this context, the 
following research questions were established: Who 
are the protagonists, considering the source of the 
publications as well as the authors? Which 
methodologies and types of research are most used? 
What is the geographic focus of literature? What are 
the streams of future research lines? 
It was found that in the first phase, the 
academicians focused their proposed models to 
implement and develop the CE and the IS. They also 
focused on the factors, processes, dynamics, and 
policies that result from the CE and IS with the 
objective of the sustainability of the regions and 
their companies. In a second phase, scholars studied 
the transition from a linear economy to a circular 
economy, product design and business modeling 
strategies for companies, problems in their 
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implementation, and forms of cooperation to create 
synergies between companies. 
It was found that the articles published in the 
subject under study, in the first stage the existence of 
many conceptual articles and some qualitative. In a 
second phase, the studies are in general qualitative. 
Thus, it can be stated that to complement the results 
found in the published articles, it is recommended 
that studies be done using a quantitative 
methodology to generalize the results. 
For countries that contribute most to the 
scientific productivity in the subject in question, 
what stands out most is China with 15 articles and 
492 citations, the Netherlands with 10 published 
articles and 341 citations and England also with 10 
articles, but with 244 quotes. China is the country 
that has given more importance to the study on the 
subject, besides being the country that stands out the 
most in the implementation of CE and IS in their 
regions. It can be said that it is one of the pioneers 
and most advanced countries in the implementation 
of CE and IS. It was also verified that the most 
influential author in the subject is Geng, Y with 354 
citations in 8 published articles. 
Regarding the magazines that publish more in the 
subject, the "Journal of Cleaner Production" is the 
one that stands out more. Second is the journal 
"Resources Conservation and Recycling" and thirdly 
the "Journal of Industrial Ecology". 
It was identified which clusters where the 
academics have focused more on their investigation. 
Cluster 1, with 17 articles studies the "circular 
economy: approaches and tools". Cluster 2, with 11 
articles, addresses the "industrial symbiosis 
dynamics". Cluster 3, with 8 articles, studies the 
"circular economy: strategies and performance". 
Finally, cluster 4, with 6 articles, develops "the 
efficiency of resources in symbiosis industry". 
Further research questions have been developed 
that should serve as a basis for further research: 
What is the role of the industrial eco-park in IS? 
What policies should be followed to successfully 
implement the EC? What are the barriers to 
implementing an EC? How can the impact of EC 
implementation in regions be measured? How to 
measure the performance of an IS? How to make EC 
sustainable? How to evaluate the life cycle of IS 
products? What impact does the EC have on society? 
How can technology contribute to IS development? 
What role do stakeholders play in IS 
implementation? 
In terms of the limitations of the study, as far as 
the methodology is concerned, it is possible not to 
exclude publications that are not articles, thus using 
more raw materials. Other databases and other 
software may be used to perform the analysis. The 
selection of key search terms used may have 
excluded some studies that were relevant to the 
present investigation. 
 
With this work, some future lines of research are 
suggested. A meta-analysis study is also a possibility 
for future research. 
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